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(57) ABSTRACT 

A thin film transistor array panel includes a plurality of pixels 
on a substrate. Each pixel of the plurality of pixels includes a 
driving and a Switching thin film transistor. The driving thin 
film transistor includes a first semiconductor including first 
Source and drain regions, a first gate electrode overlapping the 
first semiconductor, a gate insulating layer between the first 
semiconductor and the first gate electrode, an oxide layer 
between the first semiconductor and the gate insulating layer, 
and first source and drain electrodes. The Switching thin film 
transistor includes a second semiconductor including second 
Source and drain regions, a second gate electrode overlapping 
the second semiconductor, and second source and drain elec 
trodes. The Switching thin film transistor includes the gate 
insulating layer between the second semiconductor and the 
second gate electrode. The gate insulating layer contacts an 
upper portion of the second semiconductor. 

19 Claims, 17 Drawing Sheets 
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THIN FILMITRANSISTOR ARRAY PANEL 
AND MANUFACTURING METHOD 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

Korean Patent Application No. 10-2013-0 122826, filed on 
Oct. 15, 2013, in the Korean Intellectual Property Office, and 
entitled: “Thin Film Transistor Array Panel And Manufactur 
ing Method Thereof.” is incorporated by reference herein in 
its entirety. 

BACKGROUND 

1. Field 
Embodiments relate to a thin film transistor array panel and 

a manufacturing method thereof. 
2. Description of the Related Art 
An organic light emitting diode (OLED) display is a kind 

of flat panel display (FPD) that may include a light emitting 
layer between two electrodes, one for injecting electrons and 
the other for injecting holes to the light emitting layer. The 
injected electrons and holes may be coupled at the light emit 
ting layer, and excitons may thereby be formed. The formed 
excitons emit light while discharging energy. The (OLED) 
display advantageously is thin, has a wide viewing angle, and 
has a fast response speed. According to the driving method 
employed, an OLED display may be classified as a passive 
matrix OLED (PMOLED) display or as an active matrix 
OLED (AMOLED). In an active OLED display, an electrode 
and emission layer may be on a thin film transistor array 
panel, and the thin film transistor array panel may include 
signal lines and Switching thin film transistors connected to 
the signal lines for controlling data Voltages. The panel may 
further include driving thin film transistors that flow current 
to a light-emitting device by applying transmitted data Volt 
ages as gate Voltages. 

SUMMARY 

Embodiments are directed to a thin film transistor array 
panel that includes a Substrate and a plurality of pixels on the 
substrate. Each pixel of the plurality of pixels includes a 
driving thin film transistorand a Switching thin film transistor. 
The driving thin film transistor includes a first semiconductor 
including a first Source region and a first drain region, a first 
gate electrode overlapping the first semiconductor, a gate 
insulating layer between the first semiconductor and the first 
gate electrode, an oxide layer between the first semiconductor 
and the gate insulating layer, a first source electrode, a first 
drain electrode. The switching thin film transistor includes a 
second semiconductor including a second source region and 
a second drain region, a second gate electrode overlapping the 
second semiconductor, a second source electrode, and a sec 
ond drain electrode. The switching thin film transistor may 
also include the gate insulating layer between the second 
semiconductor and the second gate electrode. The gate insu 
lating layer may further contact an upper portion of the sec 
ond semiconductor. 
The oxide layer may have a thickness of about 50 A to 

about 400 A. The oxide layer may be a multilayer including a 
nitride layer and/or an oxynitride layer. The switching thin 
film transistor may be free of an oxide layer between the 
second semiconductor and the gate insulating layer. The driv 
ing thin film transistor may have a larger S-factor than an 
S-factor of the switching thin film transistor. The pixel may 
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2 
further include a storage capacitor including a first electrode 
and a second electrode overlapping each other, the gate insu 
lating layer being between the first electrode and the second 
electrode. 
A method of manufacturing a thin film transistor array 

panel is provided that includes the following. An amorphous 
silicon layer is formed on a Substrate. The amorphous silicon 
layer is crystallized to form a polysilicon layer. An oxide layer 
is formed on the polysilicon layer. The polysilicon layer and 
the oxide layer are patterned to form a first semiconductor 
with the oxide layer thereon and a second semiconductor with 
the oxide layer thereon. The oxide layer on the second semi 
conductor is removed and the oxide layer is retained on the 
first semiconductor. A gate insulating layer is formed on the 
second semiconductor and the oxide layer on the first semi 
conductor. Gate electrodes are formed on the gate insulating 
layer, the gate electrodes respectively overlapping the first 
semiconductor and the second semiconductor. 
The oxide layer may have a thickness of about 50 A to 

about 400 A. The formation of the oxide layer may include 
depositing SiO,. The crystallization may include thermally 
crystallizing the amorphous silicon layer and controlling an 
oxygen atmosphere to generate a thermal oxide layer as part 
of the oxide layer. The formation of the first and second 
semiconductors and the removal of the oxide layer may be 
performed by photolithography processes and etching pro 
cesses using one mask. A plasma treatment may be performed 
before forming the gate insulating layer. The plasma treat 
ment may be performed by using H, O, N2O, N, or a mixed 
gas including at least one of H, O, NO, and N. The 
patterning may include Banning a third semiconductor as a 
first electrode of a storage capacitor. The formation of the gate 
electrodes may include forming a second electrode of the 
storage capacitor overlapping the third semiconductor of the 
first electrode, the gate insulating layer being between the first 
electrode and the second electrode. The first semiconductor, 
the second semiconductor, and the third semiconductor with 
an impurity may be doped to form a source region and a drain 
region of the first thin film transistor, a source region and a 
drain region of the second thin film transistor, and the first 
electrode of the storage capacitor, respectively. The formation 
of the polysilicon layer may be performed after forming the 
oxide layer. 
A method of manufacturing a thin film transistor array 

panel is provided that includes the following. An amorphous 
silicon layer is formed on a Substrate. The amorphous silicon 
layer is crystallized to form a polysilicon layer. The polysili 
con layer is patterned to form a first semiconductor and a 
second semiconductor. An oxide layer is formed on the first 
semiconductor and the second semiconductor. The oxide 
layer is patterned to remove the oxide layer except for the 
oxide layer on the first semiconductor. A gate insulating layer 
is formed on the second semiconductor and the oxide layer is 
formed on the first semiconductor. Gate electrodes are formed 
on the gate insulating layer, the gate electrodes respectively 
overlapping the first semiconductor and the second semicon 
ductor. 
A plasma treatment may be performed before forming the 

gate insulating layer. Patterning the polysilicon layer may 
include forming a third semiconductor for a first electrode of 
a storage capacitor. The formation of the gate electrodes may 
include forming a second electrode of the storage capacitor 
overlapping the third semiconductor, the gate insulating layer 
being between the first electrode and the second electrode. 
The first semiconductor, the second semiconductor, and the 
third semiconductor may be doped with an impurity to form 
a source region and a drain region of the first thin film tran 
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sistor, a source region and a drain region of the second thin 
film transistor, and the first electrode of the storage capacitor, 
respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features will become apparent to those of skill in the art by 
describing in detail exemplary embodiments with reference 
to the attached drawings in which: 

FIG. 1 illustrates a circuit diagram of an organic light 
emitting diode display including a thin film transistor array 
panel. 

FIG. 2 illustrates a cross-sectional view showing a layer 
structure of a thin film transistor array panel. 

FIG.3 to FIG. 10 illustrate cross-sectional views of stages 
of a manufacturing method of the thin film transistor array 
panel shown in FIG. 2. 

FIG. 11 to FIG. 14 illustrate cross-sectional views of stages 
of another manufacturing method of the thin film transistor 
array panel shown in FIG. 2. 

FIG. 15 illustrates a graph of a change of an S-factor 
according to a thickness of an oxide layer. 

FIG. 16 illustrates a graph comparing a characteristic of a 
thin film transistor according to presence or absence of an 
oxide layer. 

FIG. 17 illustrates a graph comparing a characteristic of a 
thin film transistor according to presence or absence of a 
plasma process. 

DETAILED DESCRIPTION 

Example embodiments will now be described more fully 
hereinafter with reference to the accompanying drawings; 
however, they may be embodied in differentforms and should 
not be construed as limited to the embodiments set forth 
herein. Rather, these embodiments are provided so that this 
disclosure will be thorough and complete, and will fully 
convey exemplary implementations to those skilled in the art. 
In the drawings, the thickness of layers, films, panels, regions, 
and the like may be exaggerated for clarity. Like reference 
numerals designate like elements throughout the specifica 
tion. When an element such as a layer, film, region, or Sub 
strate is referred to as being “on” another element, it can be 
directly on the other element or intervening elements may 
also be present. When an element is referred to as being 
“directly on another element, there are no intervening ele 
ments present. 

FIG. 1 illustrates a circuit diagram of an organic light 
emitting diode display including a thin film transistor array 
panel. Referring to FIG. 1, an organic light emitting diode 
display may include a plurality of signal lines 121, 171, and 
712 and a plurality of pixels PX arranged approximately in a 
matrix form. The signal lines may include a plurality of scan 
ning signal lines 121 that transmits scanning signals (or gate 
signals), a plurality of data lines 171 that transmits data sig 
nals, and a plurality of third signal lines 172 that transmits a 
driving Voltage. The Scanning signal lines 121 may extend 
substantially in a row direction and substantially parallel to 
each other, and the data lines 171 and the driving voltage lines 
172 may extend substantially in a column direction and sub 
stantially parallel to each other. 

Each pixel PX may include a switching thin film transistor 
Qs, a driving thin film transistor Qd, a storage capacitor Cst, 
and a light-emitting diode element LD as an organic light 
emitting diode. Among them, the Switching thin film transis 
tor Qs, the driving thin film transistor Qd, and the storage 
capacitor Cst may be formed as a thin film transistor array 
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4 
panel. A pixel PX may further include a thin film transistor 
and a capacitor to compensate a current provided to the light 
emitting diode element LD. 
The Switching thin film transistor QS may include a control 

terminal (or a gate electrode), an input terminal (or a source? 
drain electrode), and an output terminal (or the drain/source 
electrode). The control terminal of the switching thin film 
transistor QS may be connected to the Scanning signal line 
121, the input terminal thereof may be connected to the data 
line 171, and the output terminal may be connected to the 
driving thin film transistor Qd. The thin film switching tran 
sistor QS may transmit data signals applied to the data line 171 
to the thin film driving transistor Qd in response to a gate 
signal applied to the gate line 121. 
The driving thin film transistor Qd also may include the 

control terminal (or the gate electrode), the input terminal (or 
the source/drain electrode), and the output terminal (or the 
drain/source electrode). The control terminal of the driving 
thin film transistor Qd may be connected to the switching thin 
film transistor Qs, the input terminal may be connected to the 
driving voltage line 172, and the output terminal may be 
connected to the light-emitting diode element LD. The thin 
film driving transistor Qd may flow a current ILD having a 
magnitude depending on the Voltage between the control 
terminal and the output terminal thereof. 
The storage capacitor Cst may be connected between the 

control terminal and the input terminal of the driving thin film 
transistor Qd. The storage capacitor Cst may charge the data 
voltage applied to the control terminal of the driving thin film 
transistor Qd and may maintain it, for example, after the 
switching thin film transistor Qs is turned off, thereby emit 
ting the light-emitting diode element LD until a next data 
Voltage is applied. The light-emitting diode element LD may 
have an anode connected to the output terminal of the driving 
thin film transistor Qd and a cathode connected to a ground 
Voltage or a common Voltage VSS. The light-emitting diode 
element LD may emit light having an intensity depending on 
the output current ILD of the driving transistor Qd in order to 
display images. 
The switching thin film transistor Qs and the driving thin 

film transistor Qd may be a p-channel electric field effect 
transistor (FET). At least one of the switching thin film tran 
sistor QS and the driving thin film transistor Qd may be an 
n-channel electric field effect transistor. A connection rela 
tionship of the thin film transistors QS and Qd, the storage 
capacitor Cst, and the organic light emitting diode LD may be 
changed. An S-factor may be small, for example, to enable a 
fast driving speed in the switching thin film transistor Qs. The 
S-factor may be relatively large, for example, in the driving 
thin film transistor Qd to reduce a luminance deviation 
according to a gate voltage distribution. The term “S-factor” 
as a current-Voltage characteristic of the thin film transistor 
may indicate a magnitude of the gate Voltage required to 
increase the drain current by 10 times, for example, when a 
gate Voltage of less than a threshold Voltage is applied. The 
S-factor may be generally referred to as “a sub-threshold 
slope.” 
A thin film transistor array panel and a manufacturing 

method thereof are provided FIG. 2 illustrates a cross-sec 
tional view showing a layer structure of a thin film transistor 
array panel, and FIG. 3 to FIG. 10 illustrate cross-sectional 
views of stages of a manufacturing method of the thin film 
transistor array panel shown in FIG. 2, according to embodi 
ment. Referring to FIG. 2, the thin film transistor array panel 
may include a driving thin film transistor Qd and a Switching 
thin film transistor Qs formed on a substrate 110. The driving 
thin film transistor Qd and the switching thin film transistor 
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Qs may be poly-Sithin film transistors. The thin film transis 
tor array panel may include a storage capacitor Cst. 

The driving thin film transistor Qd may include a semicon 
ductor 154d, a gate electrode 124d. a source electrode 173d. 
and a drain electrode 175d. The driving thin film transistor Qd 
may be referred to as a top-gate thin film transistor as the gate 
electrode 124d may beformed on the semiconductor 154d. In 
other implementations, the driving thin film transistor may 
be, for example, a bottom-gate thin film transistor in which 
the gate electrode is formed under the semiconductor. 
A gate insulating layer 140 may be between the semicon 

ductor 154d and the gate electrode 124d. and an interlayer 
insulating layer 160 may be between the gate electrode 124d. 
and the source electrode 173d and drain electrode 175d. An 
oxide layer 131 may also be between the semiconductor 154d 
and the gate insulating layer 140. The oxide layer 131 may be 
directly on the semiconductor 154d. The oxide layer 131 may 
haveathickness of about 50A to about 400A. The oxidelayer 
131 may be a multilayer, and the multilayer may include at 
least one nitride layer and/or oxynitride layer. 
The semiconductor 154d may include a source region 

1543d and a drain region 1545d in which an impurity is doped 
on both edges. The source region 1543d and the drain region 
1545d may be respectively and electrically connected to the 
source electrode 173d and the drain electrode 175d through a 
contact hole passing through the oxide layer 131 as well as the 
interlayer insulating layer 160 and the gate insulating layer 
140. A blocking layer 120 may be between the substrate 110 
and the semiconductor 154d. The switching thin film transis 
tor QS may include a semiconductor 154s, a gate electrode 
124s, a source electrode 173s, and a drain electrode 175s. 

Similar to the driving thin film transistor Qd, for example, 
the gate insulating layer 140 may be between the semicon 
ductor 154s and the gate electrode 124s, and the interlayer 
insulating layer 160 may be between the gate electrode 124s, 
and the source electrode 173s and drain electrode 175s. In the 
Switching thin film transistor Qs, the oxide layer may be 
omitted between the semiconductor 154s and the gate insu 
lating layer 140. The gate insulating layer 140 may be directly 
on the semiconductor 154s. The semiconductor 154s may 
include a source region 1543s and a drain region 1545s in 
which an impurity is doped on both edges. The Source region 
1543s and the drain region 1545s may be respectively and 
electrically connected to the source electrode 173s and the 
drain electrode 175s through a contact hole passing through 
the interlayer insulating layer 160 and the gate insulating 
layer 140. The blocking layer 120 may be between the sub 
strate 110 and the semiconductor 154s. 
The storage capacitor Cst may include a first capacitor 

electrode 154c., for example, made of the semiconductor 
doped with the impurity and a second capacitor electrode 129 
overlapping thereto, with the gate insulating layer 140 ther 
ebetween. The interlayer insulating layer 160 may be on the 
second capacitor electrode 129, and the blocking layer 120 
may be between the substrate 110 and the first capacitor 
electrode 154c. In some implementations, the storage capaci 
tor Cst may further include, for example, a third capacitor 
electrode overlapping the second capacitor electrode 129 via 
the interlayer insulating layer 160. 

Referring to FIG. 3 to FIG. 10, a thin film transistor array 
panel is described. FIG. 3 to FIG. 10 illustrate the cross 
sectional views sequentially showing stages of a manufactur 
ing process of the thin film transistor, according to an embodi 
ment. Referring to FIG. 3, a blocking layer 120 may be 
formed on a substrate 110, and a polysilicon layer 150 may be 
formed thereon. The substrate 110 may be made of a trans 
parent insulating material Such as glass and plastic. For 
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6 
example, the substrate 110 may be formed of borosilicate 
based glass having a heat-resistant temperature of 600° C. or 
more. The substrate 110 may beformed of plastic such as PET 
(polyethylene terephthalate), PEN (polyethylene naphtha 
late), and polyimide. The plastic substrate may be a flexible 
substrate. 
The blocking layer 120, which may be referred to as a 

barrier layer or a buffer layer, may prevent diffusion of an 
impurity that may degrade a characteristic of the semicon 
ductor and permeation of moisture or external air, and pla 
narizes a surface. The blocking layer 120 may beformed of a 
single layer or a plurality of layers of SiO, and SiN. by a 
deposition method such as a PECVD (plasma enhanced 
chemical vapor deposition) method, an APCVD (atmo 
spheric pressure CVD) method, as a LPCVD (low pressure 
CVD) method. The blocking 120 may be omitted based on the 
kind of the Substrate or a process condition. 
The polysilicon layer 150 may beformed, for example, by 

depositing amorphous silicon by a plasma CVD method, 
performing a dehydrogenation treatment where hydrogen 
included in the amorphous silicon may be removed, and 
forming a polysilicon state through laser crystallization Such 
as excimer laser annealing. As a method for forming the 
polysilicon, a thermal crystallization method Such as Solid 
phase crystallization (SPC), super grain silicon (SGS) crys 
tallization, induced crystallization (MIC), or metal induced 
lateral crystallization (MILC) may be used, as well as laser 
crystallization. 

Referring to FIG. 4, an oxide layer 130 may be formed on 
the polysilicon layer 150. The oxide layer 130 may beformed 
as a single layer or as multiple layers by depositing SiO, 
through a deposition method such as PECVD, APCVD, or 
LPCVD. The oxide layer 130 may be formed, for example, 
with a thickness of about 50A to about 400A. The oxidelayer 
130 may include the layer made of SiO,. In other implemen 
tations, the oxide layer 130 may include a layer(s) made of 
SiN and/or SiON as well as SiO, for the multi-layered struc 
ture. 

For the formation of the described polysilicon layer 150, 
when applying the thermal crystallization as the method for 
the polysilicon, for example, the oxide layer 130 may be 
formed as a thermal oxide layer generated by controlling an 
oxygen atmosphere, for example, when performing the crys 
tallization without a separate deposition process. After form 
ing the oxide layer 130 on the amorphous silicon (a-Si), for 
example, the crystallization process for the formation of the 
described polysilicon layer 150 may be performed. 

Referring to FIG. 5, a photosensitive film may be deposited 
on the oxide layer 130 and may be patterned through a pho 
tolithography process using a half-tone mask to form a first 
photosensitive film pattern 50a, a second photosensitive film 
pattern 50b, and a third photosensitive film pattern 50c. The 
first photosensitive film pattern 50a may be thicker than the 
second and the third photosensitive film patterns 50b and 50c. 
The second photosensitive film pattern 50b may have the 
same thickness as the third photosensitive film pattern 50c. 
The first photosensitive film pattern 50a may be formed at a 
position corresponding to the semiconductor 154d of the 
driving thin film transistor Qd, the second photosensitive film 
pattern 50b may be formed at a position corresponding to the 
semiconductor 154d of the switching thin film transistor Qs, 
and the third photosensitive film pattern 50c may beformed at 
a position corresponding to the first capacitor electrode 154c 
of the storage capacitor Cst. 

Referring to FIG. 6, by using the first, second, and third 
photosensitive film patterns 50a, 50b, and 50c as an etching 
mask, the oxide layer 130 and the polysilicon layer 150 may 
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be sequentially etched to form a driving semiconductor 151d 
in which the semiconductor 154d of the driving thin film 
transistor Qd may be formed, a Switching semiconductor 
151s in which the semiconductor 154s of the switching thin 
film transistor QS may be formed, and a capacitor semicon 
ductor 151c in which a first capacitor electrode 154c of the 
storage capacitor Qst may be formed. The oxide layers 131, 
130a, and 130b may be patterned the same as the semicon 
ductors 151d. 151s, and 151c and may beformed thereon. For 
the etching, a dry etching or wet etching method may be used. 
However, in the case of the low temperature polysilicon, as 
pattern accuracy may be high, the dry etching may be mainly 
used. 

Referring to FIG. 7, the second and third photosensitive 
film patterns 50b and 50c may be removed by ashing, and a 
height of the first photosensitive film pattern 50a may be 
decreased thereby forming a fourth photosensitive film pat 
tern 50a'. Next, by using the fourth photosensitive film pattern 
50a' as the etching mask, the oxide layer 130a formed on the 
switching semiconductor 151s and the oxide layer 130b 
formed on the capacitor semiconductor 151C may be 
removed. Accordingly, the oxide layer 131 may be, for 
example, only formed on the driving semiconductor 151d. As 
a result, the characteristics of the driving thin film transistor 
Qd and the switching thin film transistor Qs may be different. 
For the etching, a dry etching or wet etching method may be 
used. For example, an etching process using a BOE (buffered 
oxide etchant) may be performed. 

Referring to FIG. 8, after removing the fourth photosensi 
tive film pattern 50a' by theashing, a gate insulating layer 140 
may be formed. The gate insulating layer 140 may be formed 
of an inorganic insulating material such as SiO, SiN. SiON. 
Al-O, TiO, Ta-Os, Hf, ZrO, BST, or PZT by a deposition 
method such as a PECVD method, a LPCVD method, an 
APCVD method, or an ECR-CVD method. The gate insulat 
ing layer 140 may be formed of the signal layer or the multi 
layered structure, and for example, the gate insulating layer 
140 may include a layer made of SiN. SiO, and/or SiON. 

Before forming the gate insulating layer 140, in the state 
that the oxide layer 130a formed on the switching semicon 
ductor 151s and the oxide layer 130b formed on the capacitor 
semiconductor 151c are removed and the oxide layer 131 
maintained on the driving semiconductor 151d, a plasma 
treatment may be performed. The plasma treatment may use 
H, O, NO, N, or a mixed gas including at least one of 
these. For an influence on the semiconductor layer according 
to the plasma treatment, the Switching semiconductor 151s 
may be directly influenced. However, driving semiconductor 
151d may be covered by the oxide layer 131 such that the 
driving semiconductor 151d may be less influenced. Accord 
ingly, the characteristics of the driving thin film transistor Qd 
and the switching thin film transistor Qs may be different. 

Referring to FIG.9, on the gate insulating layer 140, a gate 
electrode 124d of the driving thin film transistor Qd, a gate 
electrode 124s of the switching thin film transistor Qs, and a 
second capacitor electrode 129 of the storage capacitor Cst 
may be formed. The gate electrodes 124d and 124s may be 
formed to overlap channel regions 1541d and 1541s of the 
semiconductors 154d and 154s. The second capacitor elec 
trode 129 of the storage capacitor Cst may be formed to 
overlap the first capacitor electrode 154c. Also, through the 
impurity doping, source regions 1543d and 1543s and drain 
regions 1545d and 1545s of the semiconductors 154d and 
154s of the driving and switching thin film transistors Qd and 
QS and a first capacitor electrode 154c of the storage capacitor 
Cst may be formed. The capacitor semiconductor 151C that 
becomes the first capacitor electrode 154c of the storage 
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8 
capacitor Cst, for example, may be doped before forming the 
second capacitor electrode 129. The impurity may be a p-type 
impurity Such as a boron (B) ion oran n-type impurity Such as 
a phosphorus (P) ion. For example, the impurity may be the 
p-type impurity. An activation treatment may be used after 
impurity doping. 
The gate electrodes 124d and 124s may include, for 

example, a conductive metal such as Al, Cu, Mo, W. Cr, or 
alloys thereof. Various conductive materials including a con 
ductive polymer may be used as well as or as an alternative to 
the metal material. Also, the gate electrodes 124d and 124s 
may be formed of a transparent conductive material Such as 
ITO (indium tin oxide), IZO (indium zinc oxide), and/or ZnO. 
The gate electrodes 124d and 124s may have a multilayer 
structure, for example a dual-layer structure. In this case, the 
lower layer may be made of a transparent conductive material 
and the upper layer may be made of a metal. The second 
capacitor electrode 129 of the storage capacitor may be 
formed of a transparent conductive material such as ITO, 
IZO, ZnO, the metal, and/or a conductive polymer. 
When the gate electrodes 124d and 124s are formed as the 

dual layer including the transparent conductive material layer 
and the metal layer, and the second capacitor electrode 129 is 
formed of the transparent conductive material, for example, 
they may be formed by depositing the transparent conductive 
material and forming the metal layer by the deposition 
method such as a sputtering method and patterning the trans 
parent conductive layer and the metal layer by a photolithog 
raphy process using a half-tone mask and an etching process. 
The impurity doping to form the source regions 1543d and 
1543s and the drain regions 1545d and 1545s of the semicon 
ductors 154d and 154s of the driving and switching thin film 
transistors Qd and Qs and the first capacitor electrode 154c of 
the storage capacitor Cst may be performed, for example, 
after forming the gate electrodes 124d and 124s and the 
second capacitor electrode 129 by the patterning. 

Referring to FIG. 10, an interlayer insulating layer 160 
may beformed, and contact holes 163d, 165d. 163s, and 165s 
for the connection of the source electrodes 173d and 173s and 
the drain electrodes 175d and 175s of the driving and switch 
ing thin film transistors Qd and Qs may be formed by the 
photolithography process and the etching process. The inter 
layer insulating layer 160 may be an inorganic insulating 
layer formed of a material selected from SiO, SiN. SiON 
Al-O, TiO, Ta-Os, HfC), ZrO, BST, and PZT. The inter 
layer insulating layer 160 may be formed with a sufficient 
thickness to act as an insulating layer between the gate elec 
trodes 124d and 124s, and the source electrodes 173d and 
173s and the drain electrodes 175d and 175s. The interlayer 
insulating layer 160 may be an organic insulating layer as 
well as the inorganic insulating layer, or may have a structure 
in which both the organic insulating layer and the inorganic 
insulating layer may be deposited. 

After forming the contact holes 163d, 165d. 163s, and 
165s, a metal layer may be deposited by the deposition 
method Such as the Sputtering and patterned by the photoli 
thography and an etching process to form the Source elec 
trodes 173d and 173s and the drain electrodes 175d and 175s. 
The source electrodes 173d and 173s and the drain electrodes 
175d and 175s may beformed as a multi-layered structure, for 
example, Ti/Al/Ti. When forming the thin film transistor 
array panel, for example, the oxide layer 131 may only be 
formed on the semiconductor 154d of the driving thin film 
transistor Qd without the additional mask. 

FIG.11 to FIG. 14 illustrate cross-sectional views of stages 
of a manufacturing method of the thin film transistor array 
panel shown in FIG. 2, according to another embodiment. A 
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mask may be, for example, only added to form the oxide layer 
131 on the semiconductor 154d of the driving thin film tran 
sistor Qd. Referring to FIG. 11, a blocking layer 120 may be 
formed on a substrate 110, and a polysilicon layer 150 may be 
formed thereon through the crystallization of the amorphous 5 
silicon. Referring to FIG. 12, a photosensitive film may be 
deposited on the polysilicon layer 150 and may be patterned 
by the photolithography process to form a first photosensitive 
film pattern 50. The polysilicon layer 150 may be etched by 
using the first photosensitive film pattern 50 as the etching 10 
mask to form the driving semiconductor 151d that may 
become the semiconductor 154d of the driving thin film tran 
sistor Qd, the switching semiconductor 151s that may 
become the semiconductor 154s of the switching thin film 
transistor Qs, and the capacitor semiconductor 151C that may 15 
become the first capacitor electrode 154c of the storage 
capacitor Qst. 

Referring to FIG. 13, the photosensitive film pattern 50 
may be removed by the ashing, and the oxide layer 130 may 
be formed on the semiconductors 151d. 151s, and 151c. 20 
Referring to FIG. 14, a second photosensitive film pattern 50' 
may be formed at a position corresponding to the oxide layer 
131 overlapping the semiconductor 151d of the driving thin 
film transistor Qd. The oxide layer 130 formed on the switch 
ing semiconductor 151s, and the capacitor semiconductor 25 
151c may be removed through the etching process. Through 
this process, the oxide layer 131 may be, for example, only 
formed on the semiconductor 154d of the driving thin film 
transistor Qd. The following processes may be performed, for 
example, as described with respect to FIG. 8 to FIG. 10, and 30 
the plasma treatment may be performed, for example, before 
forming the gate insulating layer 140. 

FIG. 15 illustrates a graph of a change of an S-factor 
according to a thickness of an oxide layer. The S-factor of the 
thin film transistor may be measured while the oxide layer is 35 
formed with various thicknesses between the semiconductor 
and the gate insulating layer of the thin film transistor. As 
shown, it may be confirmed that the S-factor may be increased 
as the thickness of the oxide layer is increased. When only the 
driving thin film transistor Qd has such an oxide layer, for 40 
example, the S-factor of the driving thin film transistor Qd 
may be increased while maintaining the S-factor of the 
Switching thin film transistor QS. Accordingly, a luminance 
change may be reduced while maintaining operation speed of 
the display device. 45 

FIG. 16 illustrates a graph comparing a characteristic of a 
thin film transistor according to presence or absence of an 
oxide layer. After manufacturing the thin film transistor array 
panel in which the oxide layer is formed in the driving thin 
film transistor Qd and the oxide layer is not formed in the 50 
Switching thin film transistor Qs, for example, a current 
Voltage characteristic of each thin film transistor may be 
measured. As shown, the S-factor of the switching thin film 
transistor Qs may be relatively small, but the S-factor of the 
driving thin film transistor Qd may be relatively large. 55 
Accordingly, two kind thin film transistors having different 
S-factors may be formed in one thin film transistor array 
panel. 

FIG. 17 illustrates a graph comparing a characteristic of a 
thin film transistor according to presence or absence of a 60 
plasma process. If the plasma treatment is performed to the 
semiconductor layer of the thin film transistor, as shown in the 
drawing, for example, an on-current may be increased Such 
that the S-factor may be decreased. When the oxide layer is 
formed on the semiconductor layer of the driving thin film 65 
transistor Qd but the oxide layer is not formed on the semi 
conductor layer of the switching thin film transistor Qs, for 
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example, when performing the plasma treatment, the semi 
conductor layer of the Switching thin film transistor QS may 
be exposed as it is to the plasma, however the semiconductor 
layer of the driving thin film transistor Qd is not exposed due 
to the oxide layer. Accordingly, the S-factor of the switching 
thin film transistor Qs may be selectively reduced while 
manufacturing the thin film transistor array panel. 
By way of summation and review, the S-factor of the 

Switching thin film transistor may be maintained or reduced, 
and the S-factor of the driving thin film transistor may be 
increased. Accordingly, the luminance deviation may be 
reduced while maintaining the operational speed of the 
organic light emitting diode display. 
Example embodiments have been disclosed herein, and 

although specific terms are employed, they are used and are to 
be interpreted in a generic and descriptive sense only and not 
for purpose of limitation. In some instances, as would be 
apparent to one of ordinary skill in the art as of the filing of the 
present application, features, characteristics, and/or elements 
described in connection with a particular embodiment may be 
used singly or in combination with features, characteristics, 
and/or elements described in connection with other embodi 
ments unless otherwise specifically indicated. Accordingly, it 
will be understood by those of skill in the art that various 
changes in form and details may be made without departing 
from the spirit and scope of the present disclosure as set forth 
in the following claims. 
What is claimed is: 
1. A thin film transistor array panel, comprising a substrate 

and 
a plurality of pixels on the Substrate, each pixel including: 

a driving thin film transistor including 
a first semiconductor including a first Source region 

and a first drain region, 
a first gate electrode overlapping the first semicon 

ductor, 
a gate insulating layer between the first semiconduc 

tor and the first gate electrode, 
an oxide layer between the first semiconductor and 

the gate insulating layer, 
a first source electrode, and 
a first drain electrode; and 

a Switching thin film transistor including 
a second semiconductor including a second source 

region and a second drain region, 
a second gate electrode overlapping the second semi 

conductor, 
the gate insulating layer between the second semicon 

ductor and the second gate electrode and contacting 
an upper portion of the second semiconductor, 

a second source electrode, and 
a second drain electrode, 

wherein the driving thin film transistor has a larger 
S-factor than a S-factor of the switching thin film 
transistor. 

2. The thin film transistor array panel as claimed in claim 1, 
wherein the oxide layer has a thickness of about 50 A to about 
400 A. 

3. The thin film transistor array panel as claimed in claim 1, 
wherein the oxide layer is a multilayer including a nitride 
layer and/or an oxynitride layer. 

4. The thin film transistor array panel as claimed in claim 1, 
wherein the Switching thin film transistor does not include an 
oxide layer between the second semiconductor and the gate 
insulating layer. 

5. The thin film transistor array panel as claimed in claim 1, 
wherein the pixel further includes a storage capacitor includ 
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ing a first electrode and a second electrode overlapping each 
other, the gate insulating layer being between the first elec 
trode and the second electrode. 

6. A method of manufacturing a thin film transistor array 
panel, the method comprising: 

forming an amorphous silicon layer on a Substrate; 
crystallizing the amorphous silicon layer to form a poly 

silicon layer; 
forming an oxide layer on the polysilicon layer, 
patterning the polysilicon layer and the oxide layer to form 

a first semiconductor with the oxide layer thereon and a 
second semiconductor with the oxide layer thereon; 

removing the oxide layer on the second semiconductor 
while retaining the oxide layer on the first semiconduc 
tor; 

forming a gate insulating layer on the second semiconduc 
tor and the oxide layer on the first semiconductor; and 

forming gate electrodes on the gate insulating layer, the 
gate electrodes respectively overlapping the first semi 
conductor and the second semiconductor. 

7. The method as claimed in claim 6, wherein the oxide 
layer has a thickness of about 50 A to about 400 A. 

8. The method as claimed in claim 6, wherein the forming 
of the oxide layer includes depositing SiOX. 

9. The method as claimed in claim 6, wherein the crystal 
lizing includes thermally crystallizing the amorphous silicon 
layer and controlling an oxygen atmosphere to generate a 
thermal oxide layer as part of the oxide layer. 

10. The method as claimed in claim 6, whereinforming the 
first and second semiconductors and removing the oxide layer 
are performed by photolithography processes and etching 
processes using one mask. 

11. The method as claimed in claim 6, further comprising 
performing a plasma treatment before forming the gate insu 
lating layer. 

12. The method as claimed in claim 11, wherein the plasma 
treatment is performed by using H, O, NO, N, or a mixed 
gas including at least one of H, O, NO, and N. 

13. The method as claimed in claim 6, wherein patterning 
includes 

forming a third semiconductor as a first electrode of a 
storage capacitor, and 

forming the gate electrodes includes forming a second 
electrode of the storage capacitor overlapping the third 
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semiconductor of the first electrode, the gate insulating 
layer being between the first electrode and the second 
electrode. 

14. The method as claimed in claim 13, further comprising 
doping the first semiconductor, the second semiconductor, 
and the third semiconductor with an impurity to form a source 
region and a drain region of a first thin film transistor, a source 
region and a drain region of a second thin film transistor, and 
the first electrode of the storage capacitor, respectively. 

15. The method as claimed in claim 6, wherein formation 
of the polysilicon layer is performed after forming the oxide 
layer. 

16. A method of manufacturing a thin film transistor array 
panel, the method comprising: 

forming an amorphous silicon layer on a Substrate; 
crystallizing the amorphous silicon layer to form a poly 

silicon layer; 
patterning the polysilicon layer to form a first semiconduc 

tor and a second semiconductor; 
forming an oxide layer on the first semiconductor and the 

second semiconductor, 
patterning the oxide layer to remove the oxide layer except 

for the oxide layer on the first semiconductor; 
forming a gate insulating layer on the second semiconduc 

tor and the oxide layer on the first semiconductor; and 
forming gate electrodes on the gate insulating layer, the 

gate electrodes respectively overlapping the first semi 
conductor and the second semiconductor. 

17. The method as claimed in claim 16, further comprising 
performing a plasma treatment before forming the gate insu 
lating layer. 

18. The method as claimed in claim 17, wherein patterning 
the polysilicon layer includes forming a third semiconductor 
for a first electrode of a storage capacitor, and forming the 
gate electrodes includes forming a second electrode of the 
storage capacitor overlapping the third semiconductor, the 
gate insulating layer being between the first electrode and the 
second electrode. 

19. The method as claimed in claim 18, further comprising 
doping the first semiconductor, the second semiconductor, 
and the third semiconductor with an impurity to form a source 
region and a drain region of a first thin film transistor, a source 
region and a drain region of the second thin film transistor, 
and the first electrode of the storage capacitor, respectively. 

k k k k k 


